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Abstract 
The impingements of supersonic oxygen jets on molten steel and slag in an 85 t top-blown convertor bath were 
studied and the flow field of molten bath was analyzed. The results show that with the lance height rising from 1.2 m 
to 1.8 m, the maximum velocity of liquid steel that 0.2 m under the molten steel surface decreases from 0.48 m/s to 
0.27 m/s. However, the maximum velocity of liquid steel that 0.8 m under the molten steel surface increases from 
0.06 m/s to 0.09 m/s. Therefore, High lance position has a positive effect on the homogeneous distribution of liquid 
steel velocity. The influence of oxygen flow rate on molten steel’s flow field was analyzed in this paper. As shown in 
the result, when the intensity of oxygen supplied increasing from 235 m3·(h·t)-1 to 333 m3·(h·t)-1, the circulating 
direction of molten steel changes inversely. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for 
Resources, Environment and Engineering 
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1. Introduction 
Convertor steelmaking is the most important process of steelmaking. Supersonic oxygen lances 
which not only provide oxygen for dephosphorizing, decarburizing and temperature rising, but also stir 
the molten steel in bath to promote chemical reaction and for homogenization of temperature and 
compositionˈtake an important role in convertor steelmaking. 
Considering the importance of oxygen jets to steelmaking, the supersonic jets used in convertor 
steelmaking has been studied. L. Bao1) analyzed the mixing time and penetration depth of molten bath to 
search for the optimal oxygen lance height. C. Harris2) and W. Wang3) researched the free jets’ characters 
of multi-nozzle oxygen lance through test measurement and numerical simulation. M. Ersson4,5) 
established a two-phase and two-dimensional numerical simulation for molten steel impinged by jets. H. 
Odenthal6) numerically simulated the molten bath impinged by jets in a multi-blown convertor precisely. 
However, it only analyzed one operating condition and can’t show the influence of oxygen jets in 
different melting stage. 
During the melting time, the main goal changes with melting stages, which results in the adjustment 
of oxygen flow rate and oxygen lance height. Meanwhile, the slag thickness change as result of forming. 
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Therefore, a three dimensional and three-phase mathematical model for a convertor top-blown by a four-
nozzle oxygen lance has been build to analyze the effects of oxygen flow rate, oxygen lance height and 
slag thickness on flow field in convertor bath in present work. 
2. Computational Model 
In this numerical simulation, the following assumptions were adopted. 
1) Take no chemical reaction in molten bath into consideration. 
2) All fluids are Newtonian fluid; 
3) Oxygen is considered as a compressible fluid while liquid slag and steel as incompressible fluid; 
4) The phases of oxygen, liquid slag and molten steel are not interpenetrating; 
5) A no-slip condition is applied to all of the walls, while a standard wall function is used to model 
the mean velocities close to the wall. 
In order to investigate the dynamic behaviour of thee phase flow, VOF function is used to express 
the reaction at the interface between molten steel and slag phases. For each phase, a variable such as 
volume fraction of the phase is introduced in the computational cell. In each control volume, the volume 
fractions of liquid slag, molten steel and oxygen gas sum to unity.  
The fields for all variables and properties are shared by the phases and represent volume averaged 
values, as long as the volume fraction of each of the phases is known at each location.  
The tracking of the interfaces between the phases is accomplished by the solution of a continuity 
equation for the volume fraction of phases. For the phase of i, this equation has the following form: 
ii i i i i ji iji 1i
1 [ ( ) ( ) ( )]
n
v S m m
t D
D U D UU  
w    w ¦               (1)   
Where mij is the mass transfer from phase i to phase j and mji is the mass transfer from phase j to 
phase i. 
A single momentum equation is solved throughout the domain, and the resulting velocity field is 
shared among the phases. And the standard k-ε model of turbulence is used in this paper.  
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        (a)  Convertor mesh                                                             (b) Four-nozzle oxygen lance 
Fig. 1 top-blown convertor with four-nozzle oxygen lance 
Table 1.  Geometrical parameters of convertor and lance 
Convertor capacity (t) 85  Diameter of nozzle’s throat (mm) 36  
Height of molten steel (m) 1.06  Diameter of nozzle’s exit (mm) 46.53  
Diameter of convertor (m) 4.01  Angle between axises of nozzle and lance (e) 12.75 
Table 2.  Thermo-physical properties of three phases 
 Molten steel Liquid slag Oxygen gas 
Viscosity  (kg m-1s-1) 0.0065 0.35 1.19*10-5 
Density  (kg m-3) 7200 3000 compressible 
Thermal conductivity  (W m-1k-1) 15 1.2 0.0246 
cp  (J kg-1K-1) 670 1200 919.31 
Temperature  (K) 1873 1873 300 
Oxygen lance 
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The convertor studied in this work is an 85 t convertor served in a given steelmaking plant in China, 
and Fig.1 (a) is the mesh distribution of the convertor.  The oxygen lance was simplified to four 
converging-diverging nozzles, as shown in fig.1(b).  Some geometrical parameters are shown in Table1. 
The thermo-physical properties of three phases are shown in Table 2. 
The solutions of the governing equations with boundary and initial conditions are obtained using the 
commercial fluid dynamics package FLUENT6.3. The calculation domain is divided to about 100,000 
nodes in this model. A criterion for convergence in all cases simulated except for energy in the present 
study is established when the sum of all residuals for the dependent variables is less than 10-3, while 10-6 
for that of energy.  
3. Results and Discussion 
3.1. Oxygen lance height 
In the melting process of convertor, the oxygen lance height has a significant effect on the molten 
bath. Under oxygen flow rate 18500m3/h and slag thickness 0.1 m, the flow field of molten bath with the 
lance height is 1.2 m, 1.5 m and 1.8 m were analyzed in this work, respectively. The data is after the 
oxygen impinging about 4s. 
The supersonic oxygen jet formed after passing the four-nozzle oxygen lance impinges on the 
surface of molten bath and penetrates the slag layer to form cavity. The contact area interface between 
oxygen and steel is influenced by the cavity impinged by jet, which also has an influence on the flow field 
in molten bath. 
The velocity diagrams on the vertical section of convertor under different lance heights are shown in 
Fig. 2, in which the contours of molten slag and steel have been displayed. The colour in legend 
represents the velocity magnitude, m/s, which is the same in the following passage. With the increasing of 
lance height, the impact area impinged by jet increases, while the penetration depth decreases. The slag 
layer has a significant influence on velocity distribution in molten bath, as shown in Fig.2. When the 
lance height is rising, the velocity diagram becomes broader, which means the radial velocity distribution 
gets more homogeneous. 
 
(a) 1.2 m                                      (b) 1.5 m                                      (c) 1.8 m 
Fig.2 Velocity profiles on the vertical section of convertor under different lance heights 
Fig. 3 is the three-D velocity distribution on different depth in convertor bath. The information 
shown in the three-D velocity distribution in molten bath are as follow: 
(1) It is the molten steel impinged directly by oxygen jets whose velocity gets to maximum, but the 
molten steel in the exact centre of convertor;  
 (2) On the top section of convertor, the velocity of molten steel under low lance position is bigger 
than that under high lance position, as illustrated in Fig.3 (a). However, on the bottom section of 
convertor, the velocity of molten steel under high lance position is bigger than that under low lance 
position, as illustrated in Fig. 3 (b). The speed of molten steel under high lance position is evener than 
that under low lance position. 
Velocity (m/s) 
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Because of the slope angle between nozzles and lance, the molten steel in the exact centre of 
convertor bath was not been directly impinged by jet. The peaks of molten steel’s velocity come from the 
location where is directly impinged by jets.  
        
(1) 1.2 m                                                    (2) 1.5 m                                                            (3) 1.8 m 
(a) 0.2 m under the surface of molten steel 
      
(1) 1.2 m                                                   (2) 1.5 m                                                              (3) 1.8 m 
(b) 0.8 m under the surface of molten steel 
Fig.6. Three-D velocity distribution in molten bath 
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                          (a)0.2m                                        (b) 0.5m                                         (c)  0.8m 
Fig. 4. Radial velocity distribution of molten steel in different depth 
Fig. 4 is the radial velocity distribution on the diameter of convertor locating on Y-axis in different 
depth of molten steel under different lance positions. The diameter of convertor is 4.01 m, and R 
represents the value of Y-axis. 
A couple of molten steel velocity’s peaks locate at the left and right hand of centre of convertor, 
respectively. With the rising of lance height from 1.2 m to 1.5 m and to 1.8 m, the maximum velocity 
decreases from 0.48 m/s to 0.33 m/s, 0.27 m/s at 0.2 m deep section of molten steel, as shown in Fig. 4 (a). 
In the 0.8 m deep section of molten steel, the velocity increases from 0.06 m/s to 0.07 m/s, 0.09 m/s, as 
shown in Fig. 4 (c). The radial velocity distribution gets evener with the increasing of lance height, as 
shown in Fig. 4 (b). 
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Therefore, low lance position is good for increasing the penetration depth of jet and speeding up the 
molten steel on the top section of bath; high lance position is good for increasing the impact area of jet, 
well distributing of molten steel’s velocity and speeding up molten steel on the bottom section of bath. 
3.2. Oxygen Flow rate 
Regulating oxygen flow rate is the main mean to control the operating condition in convertor bath. 
When the oxygen lance height is 1.2 m and slag thickness is 0.5 m, the flow fields in the molten bath in 
different oxygen flow rates were analyzed in this work. The data reflects the condition 2 s after the 
beginning of impingement of jet.  
Fig. 5 is the vectors on vertical section of convertor. The molten steel flow to the cavity from 
periphery of convertor though bottom. However, when the oxygen flow gets to 20000 m3/h, the molten 
steel near the cavity on the top section flows downward, which means the oxygen flow rate has effect on 
the flowing direction of molten steel in convertor bath. 
 
17000m3/h                                       18500m3/h                                                         20000m3/h 
Fig. 5 Vectors on vertical section of convertor. 
As illustrated in Fig.5, when the oxygen flow rate is 17000m3/h and 18500m3/h, the velocity 
distribution 0.2m deep in molten bath has two symmetric peaks near the center. When the oxygen 
flow rate increases to 20000m3/h, the velocity of molten steel in the center of bath increases and the 
velocity distribution has one peak in the molten center, the velocity of molten steel on the fringe of 
bath declines for the simple reason that the interaction between jets becomes strong, and the jets 
become more cohesive. The diameter of cavity formed by jets decreases, then the fluctuation gets 
weak. The smaller diameter of cavity impinged by jets results in more uniformity of molten steel’s 
velocity, and the gradient of molten steel’s velocity gets bigger. 
3.3. Circulating direction of molten steel 
From what has been presented previously, on the operating condition in which charge mass is 85 t, 
the circulating direction of molten steel is from periphery to cavity impinged by jets thought bottom of 
bath, as shown in Fig. 6(a). However, the results of simulation shows that he circulating direction of 
molten steel is from cavity to periphery thought bottom of bath, when charge mass is 60 t (depth of 
molten steel is 0.75 m, lance height is 1.5 m and oxygen flow rate is 20000 m3/h, as shown in Fig. 6(b). 
At this time, the intensity of oxygen supplied is 333m3/h·t. Opposite is the circulating direction of those 
two conditions with different charged mass. 
As discussed above, with the increasing of oxygen flow rate, the molten steel begins to flow down 
vertically to bottom, which is opposite to the direction at low oxygen flow rate. It can be inferred that the 
circulating direction of molten steel would change when the ratio between jets’ force to the gravity of 
charge mass increases. 
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When the mass charge is 60 t, the impact of jets per unit charge increases, which force the molten 
steel flow from cavity formed by jets to the bottom of bath, as illustrated in Fig. 6(b). 
 
(a)85t                                                          (b) 60t 
Fig.6 Comparison of molten steel’s circulation between two mass charges  
4. Conclusions 
The three-phase and three-dimensional mathematical model for 80t convertor top blown by four-
nozzle oxygen lance is established, and the effects on flow field in bath of oxygen flow rate, lance height 
are analyzed. 
1˅When oxygen flow rate is 18500m3/h, with the oxygen lance height increases from 1.2m to 1.5m, 
1.8m, the velocity of molten steel 0.2m deep in bath declines from 0.48m/s to 0.33 m/s, 0.27 m/s. 
Moreover, the velocity of molten steel 0.8m deep in bath increases from 0.06 m/s to 0.07 m/s, 0.09 m/s. 
Therefore, when the low oxygen lance position is beneficial to deepen the penetration depth, it also has 
positive influence on the velocity of molten steel on the top section of bath. High oxygen lance position 
benefits the homogeneous distribution of velocity in radial direction of convertor and fastens the molten 
steel on the bottom of bath. 
2˅At the same oxygen lance height and slag thickness, when the flow rate is 17000m3/h and 18500m3/h, 
a couple of velocity-peaks locate around the center of bath symmetrically. When the oxygen flow rate 
increases to 20000m3/h, the interaction between jets become more cohesive. Consequently, the velocity 
distribution has a peak in the center of bath. 
3˅When the oxygen lance height is 1.5m and oxygen flow rate is 20000m3/h, when the intensity of 
oxygen supplied increasing from 235 m3·(h·t)-1 to333 m3·(h·t)-1, the circulating direction of molten steel 
changes inversely. 
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